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Abstract Blood smears and purified trypanosome from
freshwater fishes yellow catfish (Pseudobagras fulvidraco)
and common carp (Cyprinus carpio) captured from
Niushan Lake, Hubei Province were examined to determine
whether all of their trypanosomes were Trypanosoma
pseudobagri, a species of supposed host specificity and
widespread existence across China. Trypanosomes occurred
in 16/16 blood smears, and morphometric character
analysis of trypanosomes from these smears showed that
there were three morphospecies, Trypanosoma sp Carpio, T.
sp Pseudobagri, and T. sp. 18S rDNA sequences of
trypanosomes from 16 samples revealed three genetic
groups among these fish trypanosomes. Group 1 was from
C. carpio containing T. sp Carpio; groups 2 and 3 were
from P. fulvidraco containing T. sp Pseudobagri and T. sp,
respectively. The high similarity of morphometric charac-
ters and 18S rDNA sequences showed that T. sp Carpio and
T. siniperca probably were the same species. T. sp
Pseudobagri was the first occurrence in China. Sequence
comparison showed that T. sp Pseudobagri sequence was
most similar to that of clone Marv, whereas T. sp sequence
differ from those of T. sp Carpio and T. sp Pseudobagri by
5.4 and 5.8%, respectively, and tentatively identified as T.
pseudobagri. It was concluded that three species of
trypanosomes, at least three genotypes occur in Niushan
Lake fishes, and P. fulvidraco in this region appear to
contain both types, although the identification of T.
pseudobagri remains a problem.
Introduction
Since 1841, when Valentin first discovered a trypanosome
from the blood of Salmo fario, at least 100 trypanosome
species that infect freshwater and marine fish have been
described. The legitimacy of many of these species,
however, is in doubt, as they were described on the
assumption that each trypanosome species is host-specific
(Lom 1979). Successful cross-transmission experiments
have proven that particular trypanosome species are not
restricted to the host species from which they were
originally recovered (Lom 1973; Letch 1979; Woo and
Black 1984), thus, refuting the host-specificity hypothesis.
In addition, based on morphological criteria, Letch (1979)
found that six fish species from different genus in British
populations were infected with trypanosomes that were
morphologically indistinguishable, and Karlsbakk et al.
(2005) found a trypanosome species transmitted by the
marine leech from Northern Norway showing large dis-
parities in morphology and aspects during different infec-
tion times. Moreover, most of the early descriptions are
simple and inadequate according to current morphological
standards (Smit et al. 2004; Karbowiak et al. 2005; Gu et al.
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2006b, 2007) and can hardly be used for a safe determi-
nation of species. Therefore, the validity of most species
should be questioned, and most of them need to revise the
taxonomy according to current morphological standards.
Recently, molecular methods such as random amplifica-
tion of polymorphic DNA and analysis of the ribosomal
DNA sequences have been effectively applied to taxonomic
issues involving fish trypanosomes (Figueroa et al. 1999;
Davies et al. 2005; Gibson et al. 2005; Karlsbakk and
Nylund 2006; Gu et al. 2007). Especially, the use of SSU
rRNA gene sequences in combination with morphological
data greatly promotes the correct species identification and
infers phylogenetic relationships within fish trypanosomes
(Davies et al. 2005; Karlsbakk and Nylund 2006; Gu et al.
2007). For example, analyses of 18S rRNA gene sequence
showed that fish trypanosomes with similar morphology
from Botswana at least have two genotypic groups (Davies
et al. 2005).
Trypanosoma pseudobagri Dogiel et Achmerov 1959 is
one of the poorly studied species in China. A single
morphospecies was originally described from yellow catfish
(Pseudobagras fulvidraco) captured from Heilongjiang
River, Heilongjiang Province. Subsequently, Chen (1964),
and Chen and Hsieh (1964) redescribed two morphospecies
from the same host sampled in Liaoho Lake, Liaoning
Province and Huama Lake, Hubei Province, respectively,
and one morphospecies from common carp (Cyprinus
carpio) from Huama Lake. Generally, these morphospecies
are considered to be conspecific into this species. To
determine whether the trypanosomes found in P. fulvidraco
and C. carpio are T. pseudobagri or others species may exist,
in this study, we identified them from its natural hosts
collected in Niushan Lake, Hubei Province combining
molecular data of 18S rDNA sequences with current
morphological information.
Materials and methods
As described previously (Gu et al. 2006b, 2007), host
fishes were collected from Niushan Lake Fishery in
Wuhan, Hubei Province (30°19′N, 114°31′E), China in
May 2006 and transported live to the laboratory. Each fish
was measured, weighted, and given an identity number
(Table 1). Whole blood was obtained from caudal vein of
MS 222 anesthetized fish using 5-ml heparinized syringes.
Trypanosome prevalence and estimates of parasitaemia
were performed as described by Gu et al. (2006a). Two or
three Giemsa-stained blood films were prepared from each
fish. Digital images of trypanosomes were obtained with
the help of Zeiss Axioplan 2 imaging and Axiophot 2.
Measurements of the trypanosomes were accurate to
0.1 μm. The terminology of morphometric parameters
used in the present paper is the same as previously
reported by Gu et al. (2006b).
Fish identity numbers allowed blood smears to be match
with their respective trypanosomes purified by means of the
Percoll reagent and diethylaminoethyl cellulose method
according to Gu et al. (2006a). DNA extraction from puri-
fied trypanosomes, polymerase chain reaction amplification
of the 18S rRNA gene using primers S-762 and S-763
(Maslov et al. 1996), cloning and sequencing with a set of
M13 primers and “walking” primers were performed as
described previously (Gu et al. 2007).
The nucleotide sequences in this paper are available
from the GenBank/EMBL databases under the following
accession numbers: T. siniperca DQ494415, T. cobitis
AJ009143, T. sp.EI-CP L14841, Ts-Se-BL AJ620550, Ts-
Ab-Tb AJ620556, T. granulosum UK AJ620551, Marv
AJ620549, T. granulosum Portugal AJ620552, CLAR
AJ620555, Ts-Tt-HOD AJ620553, R6 AJ620554, T. boissoni
U39580, T. triglae U39584, T. sp.K&A leech AJ009167, T.
chelodinae AF297086, T. binneyi AJ132351. T. lewisi
AJ223566, T. theileri AB007814, and T. avium U39578 were
used as the outgroup.
All sequences were globally aligned with other 18S
rRNA gene sequences using the Clustal-X (Thompson et al.
1997) with default settings and then examined by eye. The
postulated gaps and ambiguously aligned regions were
excluded from phylogenetic analyses. As described pre-
viously (Gu et al. 2007), phylogenetic trees were constructed
by the neighbor-joining method, the maximum parsimony
(MP) method, and the Bayesian method which implemented
in the MEGA3 computer package (Kumar et al. 2004),
PAUP* computer package (Swofford 2003), and MrBayes
version 3.0b4 (Huelsenbeck and Ronquist 2001), respectively.
Table 1 Species, identity
numbers (IDs), numbers
examined, length of fishes
captured in Niushan Lake and
range of infection density
Species of
fishes
Fish identity
numbers (IDs)
Number
examined
Total length
range (mm)
Type of blood
infection
Range of infection
density (ml)
Cyprinus
carpio
1–5 5 780–960 T. sp Carpio 4.3–8.2×104
Pseudobagras
fulvidraco
10, 15, 16 3 160–240 T.sp
Pseudobagri
2.7–8.4×107
Pseudobagras
fulvidraco
6–9, 11–14 8 185–380 T.sp 1.5–2.4×105
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Results
Infection with trypanosomes was discovered in all speci-
mens (16/16). The intensity of infection was recorded in
Table 1. Trypanosomes were variable in staining properties,
shape, and size. Morphological analyses indicated there were
three forms: Trypanosoma sp Carpio, T. sp Pseudobagri, and T.
sp, but there was overlap in many mensural values among
them (Table 2). Samples 1 to 5 (C. carpio) contained many
moderate trypanosomes, T. sp Carpio in blood films. Samples
6 to 9 and 11 to 14 (P. fulvidraco) contained many larger
trypanosomes, T. sp and few small trypanosomes, T. sp
Pseudobagri. Samples 10, 15, and 16 (P. fulvidraco) only
contained T. sp Pseudobagri. Comparison between available,
related Trypansoma species and the present species was given
in Table 2.
Trypanosoma sp Carpio (Figs. 1a,b and 2a,b; Table 2)
Host: C. carpio
Site of infection: Blood
Locality: Niushan Lake, Wuhan City, Hubei Province,
China (30°19′N, 114°31′E)
Deposition of the type slides: Holotype, slide 2006L018
and paratype, slide 2006L019 of Giemsa-stained specimens
are deposited in Institute of Hydrobiology, Chinese Acad-
emy of Sciences, Wuhan, China.
Trypomastigote form: Body narrow and long, snake-like,
with a sharpened posterior and anterior end; undulating
membrane well developed, generally five to seven small
folds; cytoplasm with numerous deeply granules; the length
of the body 24.5–32.2 μm (mean 29.7 μm), the width 1.3–
2.1 μm (mean 1.6 μm); free flagellum relatively long, about
half of the body length, 15.0-–21.4 μm (mean 17.0 μm) in
length; nucleus elongated-oval, located in the anterior part
of the body, parallel to the long axis, length 2.5–3.8 μm
(mean 2.8 μm), width 1.1–2.0 μm (mean 1.5 μm), NI=2.0–
4.3, mean=2.8 μm; kinetoplast large and oval, 0.8–1.0 μm
in size, located near the posterior end of the body. KI=1.1–
1.4, mean 1.2.
T. sp Pseudobagri (Figs 1c,d and 2c,d; Table 2)
Host: P. fulvidraco Richardson
Site of infection: Blood
Locality: Niushan Lake, Wuhan City, Hubei Province,
China (30°19′N, 114°31′E)
Deposition of the type slides: Holotype, slide 2006H022
and paratype, slide2006H023 of Giemsa-stained specimens
is deposited in Institute of Hydrobiology, Chinese Academy
of Sciences, Wuhan, China.
Trypomastigote form: Body slender and narrow, with a
narrow and sharp anterior and posterior end; undulating
membrane not well developed; cytoplasm hyaline and
sometimes deeply stained granules; the length of the body
15.5–26.4 μm (mean 22.4 μm), the width 1.1–1.3 μm
(mean 1.2 μm), free flagellum relatively long, about half of
the body length, 12.5–15.8 μm (mean 15.3 μm); nucleus
elongated-oval, 2.1–2.8 μm (mean 2.4 μm) long, 0.9–
1.2 μm (mean 1.1 μm) wide, NI=0.8–1.9, mean=1.3; The
kinetoplast oval, located near subterminal posterior end of
the body, 0.6×0.8 μm in size, KI=1.1–1.3, mean 1.2.
T. pseudobagri (Figs 1e,f and 2e,f; Table 2)
Host: P. fulvidraco Richardson
Site of infection: Blood
Locality: Niushan Lake, Wuhan City, Hubei Province,
China (30°19′N, 114°31′E)
Deposition of the type slides: Holotype, slide 2006H020
and paratype, slide2006H021 of Giemsa-stained specimens
is deposited in Institute of Hydrobiology, Chinese Academy
of Sciences, Wuhan, China.
Trypomastigote form: Body broad and elongated; taper-
ing anterior and posterior end; undulating membrane well
developed; cytoplasm with a few vacuoles; the cell stained
deeply, sometimes showing longitudinal striations; the
length of body 27.5–40.8 μm (mean 37.4 μm), the width
1.3–2.0 μm (mean 1.5 μm), free flagellum14.8–28.8 μm
(mean 17.1 μm) in length; nucleus elongated-oval, located
at the anterior end of the body, always along to the
longitudinal axis, 3.0–4.7 μm (mean 3.7 μm) in length, and
1.2–1.8 μm (mean 1.3 μm) in width, NI=0.7–1.6 mean=
1.3; the kinetoplast large and oval, 1.1×0.9 μm in size, near
the posterior end, KI=1.0–1.2, mean 1.1.
Molecular characterization
Sequences and comparisons
DNAwas extracted and amplified from all samples. The 16
18S rDNA sequences obtained were aligned and fell into
three different groups. Five 2,144-bp 18S rDNA sequences
obtained from samples 1 to 5 containing T. sp Carpio were
identical and formed group 1. Three 2,150-bp sequences
obtained from samples 10, 15, and 16 containing T. sp
Pseudobagri and eight 2,125-bp sequences from samples 6
to 9 and 11 to 14 containing T. sp were also identical and
formed groups 2 and 3, respectively. The 18S rDNA
sequences obtained were deposited in GenBank under the
accession numbers: EF375882, EF375883, EF375884, and
the GC contents were 49.5, 49.5, and 49.2%, respectively.
The sequence of T. sp differed in 95 nucleotides from the
sequence of T. sp Carpio (structural similarity 94.6%) and
99 nucleotides from the sequence of T. sp Pseudobagri
(structural similarity 94.2%). Nineteen sites were different
between T. sp Carpio and T. sp Pseudobagri (structural
similarity 98.8%), and only two sites differed between T. sp
Pseudobagri and clone Marv (structural similarity 99.8%)
as well as ten gaps. The sequences obtained from T. sp
Carpio and T. siniperca were nearly identical (structural
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similarity 99.9%), with the exception of three variable sites
and one gap between them.
Phylogenetic analysis
Phylogenetic analyses were based on the final edited
alignment which was 2,235 bp in length and contained 22
taxa. The neighbor-joining analysis confirmed the cluster-
ing patterns of the maximum parsimony analysis and Bayes
analysis in several cases with different bootstrap values
(Fig. 3). In the neighbor-joining tree, three morphospecies
of this study were placed within the cluster of freshwater
fish trypanosomes. T. sp Carpio clustered with T. siniperca
with highest bootstrap values (100% MP, 100% NJ, 100%
Bay). T. sp Pseudobagri and Marv composed a new cluster
with higher bootstrap values (98% MP, 95% NJ, 100%
Bay) and formed a sister clade to T. granulosum Portugal
and the cluster of T. siniperca, but not rather high bootstrap
values (78% MP, 51% NJ, 72% Bay). T. sp was placed in
the bottom of the cluster of the freshwater fish trypanosome
and formed an individual clade.
Discussion
On the basis of “one host–one species” pattern, Chen and
Hsieh (1964) described the larger trypanosomes and the
slender ones from P. fulvidraco both as T. pseudobagri
(Fig. 2h,i; Table 2). The trypanosomes found in C. carpio
were morphologically similar to and fell within the size
ranges for the slender ones of T. pseudobagri and were also
considered to be T. pseudobagri (Fig. 2g; Table 2).
According to the former descriptions, the characteristic
features of larger forms of T. pseudobagri were: body bulky
with both extremities attenuated; nucleus elongated-oval,
situated at 35–40% of body length from anterior extremity;
kinetoplast oval, situated at 4% of body length from
posterior end; undulating membrane well developed with
five to eight folds; sometimes, cytoplasm with a few
vacuoles, and of slender ones are: body elongated and
small; nucleus ellipsoidal, usually with a small spherical
endosome, situated at 45% of body length from anterior
extremity; kinetoplast spherical, situated at 5% of body
length from posterior end; undulating membrane well
developed with five to six folds.
Due to inadequacy of their descriptions and lack of
objective documentation (photomicrographs), we were not
able to identify with certainty the fish trypanosomes
examined by Chen and Hsieh (1964). Following the current
standard (Smit et al. 2004; Karbowiak et al. 2005; Gu et al.
2006b, 2007), the size and morphometric characteristics of
trypanosomes given in Table 2 show significant differences
among the three forms in this study, in particular, according
to the absolute sizes (length and width) and form of the
Fig. 1 Photomicrographs of
bloodstream trypomastigotes
stained with Giemsa. a, b Try-
panosoma sp Carpio from the
blood of Cyprinus carpio in the
Niushan Lake, China; c–f Try-
panosoma sp Pseudobagri (c, d)
and Trypanosoma sp (e, f) from
the blood of Pseudobagras ful-
vidraco in the Niushan Lake,
China. Scale bar, 10 μm
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body. According to the original description of Dogiel and
Achmerov (1959), only T. sp Carpio belongs to T.
pseudobagri. However, T. sp Carpio and T. siniperca have
nearly identical mensural values of PK BL BW NW KI and
overlap in the ranges of other criteria such as PN KN
distances, body length and width, nucleus length and width.
Moreover, they have high similarity (99.9%) in the 18S
rDNA sequences and cluster together with high bootstrap
values (100% MP, 100% NJ, 100% Bay) in the present
phylogenetic tree (Fig. 3). Therefore, we presume that T. sp
Carpio and T. siniperca probably are the same species.
T. sp Pseudobagri was first observed in China, which
was smaller than T. sp Carpio and the slender forms
described by Chen and Hsieh (1964). The differences of
Fig. 2 a, b, g Drawing of
Giemsa-stained typical trypo-
mastigotes of trypanosomes
from blood of C. carpio. a, b
Trypanosoma sp Carpio; g
redrawn from Chen and Hsieh
(1964). c–f, h– i Drawing of
Giemsa-stained typical trypo-
mastigotes of trypanosomes
from blood of P. fulvidraco. c, d
Trypanosoma sp Pseudobagri
and e, f Trypanosoma sp; h–i
redrawn from Chen and Hsieh
(1964). Scale bar, 10 μm for
subpanels a–i
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morphometric characteristics (Table 2) and 18S rDNA
sequence show that T. sp Pseudobagri and T. sp Carpio
may be different species, at least two genotypes. In our
phylogenetic analysis, T. sp Pseudobagri fell within the
freshwater fish trypanosomes group and formed the sister
species with clone MARV, a trypanosome from carp also
grown experimentally in goldfish (Gibson et al. 2005), with
high bootstrap values (98% MP, 95% NJ, 100% Bay). Due
to the absence of any morphological description about
clone MARV, it is impossible to compare our results with
the records of Gibson et al. (2005). However, the analysis
of SSU rRNA gene sequences shows that they may be the
same genotypes (structural similarity 99.8%).
As seen from measurements collected in Table 2, T. sp
differs from the largest form of T. ophiocephali (Gu et al.
2006b) in some features: nucleus nearer middle, shorter PN
and KN distances, longer NA distance, shorter BL and L
length, longer nucleus in T. sp. However, they have similar
mensural values of PK FF BW NW KI. Moreover, they
overlap in the ranges of PN KN BL L NL values.
Therefore, it is difficult to differentiate T. sp from the
largest form of T. ophiocephali using only morphological
features. Unfortunately, the sequence of SSU rRNA gene of
T. ophiocephali was not available for analysis. In our
phylogenetic tree, the position of T. sp was placed at the
bottom of the freshwater fish trypanosome group and
became a single isolate. This isolate is distant from all the
freshwater fish trypanosomes so far sampled: the 18S
rRNA gene sequence differs from those of freshwater fish
trypanosomes by 3.5–5.8%, whereas the maximum se-
quence divergence within this group is 1.6%. These suggest
that more extensive sampling might reveal greater diversity
within fish trypanosomes than presently suspected, and T.
sp may be tentatively identified as T. pseudobagri.
Based on the combined analysis of molecular data and
morphologic features, we provide the evidence that not all
trypanosomes from freshwater fishes in Niushan Lake
appear to be of this one species, as three distinct species
and at least three genotypic groups of trypanosomes have
been identified among the relative number of samples
collected during the current study. From the results
mentioned above, we conclude that some fish likely harbor
both genotypes, leading to the variability in morphology
observed in some fish samples. In addition, it is unambig-
uous that the trypanosome genotypes investigated here
were not strictly specific to the hosts from which they were
recovered. We may also speculate that a number of slightly
different trypanosome populations infect this range of
freshwater fish hosts, showing little, if any, host specificity.
These conclusions are in accordance with the findings of
previous studies (Letch 1979; Zajicek 1991; Figueroa et al.
1999; Davies et al. 2005; Gibson et al. 2005).
Clearly, there still are some difficulties in the identifica-
tion of fish trypanosomes from China, which have already
been encountered in Africa and Europe (Davies et al. 2005;
Gibson et al. 2005; Smit et al. 2004). The lack of sufficient
taxa in these studies appears to have allowed these
problems to occur. In early studies, more than 30 species
of Chinese freshwater fish trypanosomes have been listed
as valid, but it is believed that the actual number of species
is much lower. Obviously, there is a need for a redescription
of most the “old” nominal trypanosome species based on
character variation and molecular data. The lack of
knowledge on leech taxonomy and ecology probably also
causes these problems, as fish trypanosomes maybe specific
to their leech host (Karlsbakk 2004; Karlsbakk and Nylund
2006; Khaibulaev 1970). So far, no leeches have been
found on Chinese fishes with trypanosomes, excepting that
of Batracobdella paludosa Carena, which was identified as
a vector of T. lichuanensis (Li and Wang 1996). More
morphological and genetic data on the fish trypanosomes
T.cobitis 
Ts-Ab-Tb 
Ts-Se-BL
T.sp.EI-CP
T.granulosum UK 
Ts-Tt-HOD
R6
Marv 
T. sp Pseudobagri 
T. sp Carpio 
T.siniperca 
T.granulosum Portugal
CLAR
T.sp  
T.sp.K&A leech 
T.chelodinae 
T.binneyi 
T.boissoni
T.triglae
T.avium
T.lewisi
T.theileri
99/97/100 
93/66/100 
100/100/100 
52/69/74 
52/52/84 
80/77/84 
68/84/82 
100/100/100
98/95/100 
78/51/72 
88/90/100 
94/96/100 
73/91/97 
58/53/6
98/95/100 
Fig. 3 Phylogenetic positions of 18S rDNA sequence of Trypano-
soma sp Carpio, Trypanosoma sp Pseudobagri, and Trypanosoma
pseudobagri in relation to other sequenced aquatic trypanosomes
species as shown by the neighbor-joining tree. T. lewisi, T. theileri,
and T. avium are taken as the outgroup. Bootstrap values are shown
for the maximum parsimony/neighbor-joining/Bayes analyses
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and their vectors, especially from China, will help to clarify
their taxonomic and evolutionary relationship.
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